Abstract The study is a prospective blinded randomised controlled trial to compare the efficacy of triamcinolone acetonide, bupivacaine or in combination in managing pain after lumbar discectomy. Patients undergoing primary single-level lumbar discectomy were randomised. Triamcinolone acetonide, bupivacaine or in combination was instilled at the nerve root as decompression. Preoperative, day 1 and 6 weeks pain score, 24-h postoperative opiate requirements and duration of inpatient stay were recorded. Data was analysed using Mann-Whitney test for statistical significance. 100 patients were recruited. A significant difference was noted in day one postoperative mean pain score, mean 24-h opiate requirement and mean inpatient stay in the triamcinolone acetonide and bupivacaine group. At 8 weeks postoperatively, no significant differences were seen in the pain score in all groups. Significant postoperative pain reduction and opiate requirements in the first 24 h, and significantly shortened duration of inpatient stay were achieved in the triamcinolone acetonide and bupivacaine group compared with other groups.
Introduction
Pain management after lumbar discectomy is controversial. Modalities include oral medication, application of local anaesthetic or corticosteroid at the incision site [1] , patient controlled analgesia and early physiotherapy [2] . Previous studies on the use of corticosteroid and local anaesthetic have been inconclusive [1, [3] [4] [5] . Furthermore, these studies were conducted using a broad spectrum of spinal surgical procedures. Jirarattanaphochai et al. [6] studied the effect of methylprednisolone and bupivacaine in multiple types of spinal surgical procedures and concluded that a mixture of methylprednisolone and bupivacaine was effective in managing pain post-lumbar discectomy but not decompression or fusion. Conversely, McNeill et al. [4] suggested than the use of methylprednisolone and morphine was insignificant in managing pain post-lumbar discectomy. Lowell et al. [7] noted a significant increase in infection rates in patients undergoing lumbar microdiscectomy who had steroid use as an adjunct in their pain management, which raised further concern regarding their usage.
Because of this conflicting evidence, this study was designed to investigate the efficacy of bupivacaine or corticosteroid alone, and in combination, which to our knowledge has not been previously investigated in this manner. We also had rigid patient selection criteria. Strict adherence to the selection criteria allowed us to focus only on patients undergoing primary single-level lumbar discectomy thus reducing the bias of different spinal procedures included in other studies.
Patients and methods
This study was ethically approved. Eligible patients were those undergoing primary single-level unilateral lumbar discectomy. All patients involved in the study had been diagnosed with a prolapsed intervertebral lumbar disc with nerve compression demonstrated on magnetic resonance imaging, with clinically correlated clinical findings and had failed conservative treatment prior to enrolment. Patients undergoing multiple level lumbar discectomies, instrumentation, fusion, discectomy for cauda equina syndrome or revision discectomy were not included. 100 patients were recruited into the study as calculated in the power study.
End points measured in the study were preoperative, day one and 8 weeks postoperative using pain intensity visual analogue pain scale (VAS), 24-h postoperative opiate analgesia requirement and duration of inpatient stay. 10 cm pain intensity visual analogue pain scale was used with 10 being the worst pain ever felt and 0 being no pain. Patients were asked to record their level of pain exclusive to the back. Pain intensity scores were recorded on day of admission, 24 h and 8 weeks postoperatively. 24-h postoperative opiate analgesia requirement was recorded by calculating the amount of opiate analgesia required by mean of patient controlled analgesia (PCA) administration. Patient controlled analgesia was administered and monitored by the anaesthetist as per our institution policy and they assessed patient analgesia requirement postoperatively. Patients were not limited to any specific pain medication. Duration of inpatient stay was calculated to the nearest day and recorded from day of admission to the day of discharge.
All patients involved in the study were randomised by a closed envelope system into four groups. Pharmacological agents used in the study were triamcinolone acetonide (Adcortyl) and bupivacaine hydrochloride (Marcaine). Group 1 was a mixture of 1 ml of 0.5% bupivacaine and 10 mg of Adcortyl in 1 ml. Group 2 was a mixture of 10 mg of Adcortyl in 1 ml and 1 ml of normal saline. Group 3 was a mixture of 1 ml of 0.5% bupivacaine and 1 ml of normal saline. Group 4 was 2 ml of normal saline, which acted as a control. All patients were blind to the randomisation and informed consent was obtained prior to enrolment into the study.
All procedures were performed by the senior author and pre-, intra-and post-operative management was standardised. Patients were positioned prone in a knee-chest position. The surgical level was identified using image intensifier and the exposure was obtained through standard microdiscectomy approach. The appropriate nerve root was identified and protected and the prolapsed disc was excised piecemeal with pituitary forceps. Based on the randomisation, a mixture of Adcortyl, bupivacaine or normal saline was applied topically over the nerve root prior to closure. Wound closure was performed in layers with no drain. Physiotherapy was started the next day and patients were discharged when safely mobilising. All patients were then followed up in the outpatient clinic at 8 weeks.
Statistical analysis
Power analysis was performed at the design stage of the study. The authors hypothesised that there was 0.82 probability that postoperative lumbar discectomy patients with bupivacaine with or without Adcortyl would report a lower pain score and require lower postoperative opiate analgesia compared to control with standard error of 0.5, power 80% and alpha value was 0.05 using Minitab software 1.5. A minimum of 88 patients in total (22 patients in each groups) were required to achieve sufficient power for the study. Results were compared using Mann-Whitney analysis and p value \0.05 was considered as statistically significant.
Results
One hundred patients were recruited into the study over 18 months duration from July 2005 to December 2006 and 25 patients were randomised into each group. There were no significant differences were in the mean age, gender and the mean preoperative pain score between all groups (Table 1) . Mean day one pain score in group 1, 2, 3 and 4 (control) was 0.68 ± 0.98 (p \ 0.05; statistically significant reduction when group 1 compared to all other groups), 2.04 ± 1.69 (p \ 0.05; statistically significant reduction when compared to control group), 1.56 ± 1.50 (p \ 0.05; statistically significant reduction when compared to control) and 3.24 ± 1.73 (Fig. 1) . Mean 24-h postoperative opiate requirement was 24.7 ± 34.9 mg (p \ 0.05; statistically significant reduction when group 1 compared to all other groups), 48.4 ± 41.4 mg (p \ 0.05; statistically significant reduction when compared to control group), 48.7 ± 55.2 mg (p \ 0.05; statistically significant reduction when compared to control group) and 100.7 ± 70.8 mg, (Fig. 3) . A significant difference was noted in day one postoperative mean pain intensity score, mean 24-h opiate requirement and mean inpatient stay in group 1 when compared to the other 3 groups (Figs. 1, 2, 3 ). Statistically significant reductions in day one mean pain intensity score and mean 24-h opiate requirement were noted comparing the bupivacaine only and steroid only groups to control group but not to each other (mean day one pain intensity score comparing bupivacaine only to Adcortyl only group; p = 0.36, mean 24-h postoperative opiate requirement comparing bupivacaine only to Adcortyl only group; p = 0.58).
At 8 weeks postoperatively, no significant differences were seen in the pain score in all groups (Fig. 4) . The mean duration of inpatient stay was significantly reduced in both bupivacaine groups with or without Adcortyl when compared to the control group, but comparing between the treated groups, these findings are not statistically significant.
We had two complications in our cohort of patients. One patient had an arteriovenous fistula, which was rectified with stenting, and one patient had a deep tissue infection, which treated with multiple debridements and intravenous antibiotics. Both of these patients were in the Adcortyl and bupivacaine group.
Discussion
In our study, all the treated groups resulted in a statistically significant lower pain intensity scores compared to the control group.
The group that received Adcortyl only did show significant lower pain scores in postoperative pain scale and 24-h opiate requirement postoperatively compared to the control group. Modi et al. [8] found positive effect of corticosteroid in relieving back pain postoperative lumbar discectomy and noted the result of pain relief was significant for up to 1 month and Debi et al. [5] found in their study that significant pain relief was achieved in the immediate postoperative period and lasted until day six postoperatively. Our results would support the findings of these reports.
The groups that received bupivacaine with or without Adcortyl required a reduced amount of opiate analgesia 24 h postoperatively and had a significant reduction in pain score in comparison to the control group. These findings are consistent with previous reports that support the use of bupivacaine as adjunct for pain relief post-lumbar discectomy [1, [9] [10] [11] .
Reduction in pain intensity and opiate requirement was noted when comparing Adcortyl only and bupivacaine only group to control but the results were not significant when compared to each other. We have not found any study that compared the use corticosteroid to local anaesthesia exclusively; thus, further study is needed to clarify these findings.
When we compared the results from bupivacaine with Adcortyl to bupivacaine only and Adcortyl only group, we found the pain relief achieved using bupivacaine and Adcortyl was significantly better compared to these two groups. We hypothesise that the corticosteroids provide a cumulative effect with bupivacaine thus resulting in a better analgesic effect.
The pathophysiology of pain in prolapsed intervertebral disc disease is multifactorial. Mechanical compression of the nerve root is not the only pain generator as previously thought [12] . Studies have demonstrated that inflammatory mediators also contribute significantly to the process. McCarron [13] demonstrated in his controlled animal model experiment that nucleus pulposus material exposed to dural sheath produces an inflammatory response which was confirmed on histological examination. Saal et al. [14] have demonstrated high levels of phospholipase A2 enzyme activity in the disc material from patients with nucleus pulposus herniations undergoing lumbar discectomy. This enzyme acts as a regulator of arachidonic acid in the inflammatory response cascade. Pain relief achieved from an antiinflammatory effect of corticosteroid can be explained due to inhibition of this enzyme.
Local anaesthetic agents act on the intracellular portion of the sodium channel and block sodium influx into nerve cells, which prevents depolarisation, thus reducing the action potentials generated by pain nerve fibres. The use of local anaesthetic agents as adjuncts for reducing incisional pain is well established. Reports of their efficacy in spinal surgery have been well supported in the literature where Milligan et al. [9] and Cherian et al. [10] have shown significant reduction in postoperative pain and opiate requirement.
We did encounter one case of deep infection in our cohort of patients who was in the Adcortyl and bupivacaine group. Reviewing previous large studies in infection rates after spinal surgery, these indicate infection rates between 1.9% and 4.4% [15] [16] [17] [18] [19] ; the infection rate in our series of 100 patients (1%) is well below this range but we do acknowledge the number in our study was small in comparison. We noted that patients presented with surgical site infection at a median of 11-15 days postoperatively [15, 16, 18] . Therefore, our 8 weeks postoperative follow-up was adequate in identifying postoperative surgical site infection. These studies performed for identifying risk factors for surgical site infection in spinal surgery did not recognise the use of steroid as a significant risk factor [15] [16] [17] [18] . Interestingly, one recent study found the use of intravenous steroid was associated with significant lower risk of surgical site infection [18] . Based on these evidences, no conclusion could be drawn regarding any association of steroid to postoperative wound infection, given the limited power of the study, but that further studies would be necessary to address that question.
There were limitations to our study. First, only the patients were blinded to the randomisation allowing the possibility of investigator bias. Second, ethical protocol prohibited us from limiting the use of analgesia as patient control analgesia was administered and monitored by the anaesthetist thus we were unable to standardise the application of analgesia postoperatively but the use of opiate analgesia were accurately measured using patient control analgesia. Third, no functional outcome was performed and clinical evaluation at 8 weeks postoperatively may lead to missing significant improvements in early function in certain sub-groups, and to a significant separation between groups that was lacking in the present analysis. Finally, in our institution, lumbar discectomy is performed as an inpatient procedure and patients can only be discharged when they are comfortable and deemed safe to mobilise after physiotherapy assessment. We acknowledge the mean duration of inpatient stay in our study does not reflect the practice of other institutions as this procedure maybe performed as a day case. The study was designed as a shortterm study and partly performed in order to determine a pain management protocol that would allow for successful day case lumbar discectomy.
In conclusion, we have found that intraoperative application of Adcortyl and bupivacaine in combination applied to the nerve root prior to closure is safe and effective in the management of postoperative pain in primary single-level unilateral lumbar discectomy.
